ABSTRACT. Many authors studied algorithms adjusting the structure model based on modal data. This paper proposes an algorithm to detect the structure model using correlation factors between experimental and theoretical modal data in a damage library. The result from an experiment on 1-40 bridge (New Mexico USA) is presented to illustrate.
Introduction
Recently, the research of structure diagnosis using modal data has been developing rapidly. Many damage detection algorithms have been proposed to identify whether or not damage has occurred and to locate damage. However, in order to evaluate the load carrying capacity of a structure, its mathematical model need to be built correctly, relying on experimental data. The model will be complete if its modal data approximates the experimental modal data. The major problem in ·most identification algorithms is the incompleteness of the measured data: only a few points in structure are measured over a limited frequency range, but the finite element (FE) model of the structure contains a large number of degree of freedom. Therefore, updating a structure model relying on vibration data is difficult.
Detecting a model according to statistical technique is one of the algorithms used by many researchers, This technique was first suggested by Cawley and . Adams [5] . By this technique, many possible damage scenarios within the finite element model are considered, and their effects on the predicted natural vibrations computed. The damage model is then identified as the one that seems to be closest to measured data. The two major problems with this technique are: 1) the time required to calculate a new set of natural vibration for every damage scenario and, 2) the algorithms to determine the actual damage correspond with one of the modeled scenarios. This paper develops an algorithm to detect the possible real models in the damage library.
Model updating overview
Although the range of model updating algorithms is large, the basic concepts are similar. A given structure can be modeled analytically and predictions of the response of the system can be made. Its response may also be measured and compared to the theoretical predictions. If results of the theoretical analysis and the measurements are different then some parameters of the theoretical model should be changed to reflect the characteristics of the physical structure. Assuming that the underlying structure of the model is satisfactory then parameters can be accepted. This is known as model updating.
FE analysis and experimental modal analysis (EMA) are two basic constituents of model updating algorithms for mechanical structures. FE analysis is a standard technique for modeling the dynamics of mechanical structures. In this technique the structure is split into regions of simple geometry (called elements) which intersect at points (called nodes) . The equation systems of motion can be written as follows Mq+Kq=f, (2.1) where M, K are the mass and stiffness matrices, q is the vector of generalized coordinates, that is the displacement at the nodes of structure, f is the force applied to the structure at the nodes, and the dot denotes differentiation with respect to time.
The natural frequencies and mode shapes are obtained by solving the following eigenproblem: (2.2) here Wi is ith natural frequency and tPi is the corresponding mode shape.
Damping has not been mentioned in equation system (2.1). In general, damping is difficult to incorporate into a finite element analysis and furthermore its value is unknown.
In dynamic testing , the structure is usually excited by harmonic force or impulse force and its responses are measured. Using the Fast Fourier Transform for input and output signals, the transfer functions can be determined, then experimental modal data (natural frequencies, damping ratios, mode shapes) can be calculated by analyzing the transfer function [2, 4] . In this paper we assume modal data is given and do not discuss the measured data analysis to get the experimental vibration characteristics of the structure.
Model updating technique
Let's assume that the library of the theoretical modal data correspondings to the damage scenarios are given. For each damage type, we have to use the appropriate element model for calculating. For example, the _ physical or geometrical properties can be changed to simulate the damage. Because the changes of frequency are less sensitive to damage [2, 5] , especially the minor damage, in this case the changes in mode shapes will be used to update the structure model. When the structure is damaged, mode shapes before and after damage are different. Therefore the appropriated model in the damage library may be detected using correlative comparison of measured and theoretical mode shapes.
here n is the number of measured points, m-number of measured natural modes.
Denote Ykf.U) (£ = 1, m) is eth mode shape measured at point J corresponding kth damage scenario.
The correlation factor between Xi and Ykl can be written as follows:
j=l j=l
p (p is the number of theoretical damage scenarios) .
If the kth theoretical damage model is an appropriate model of the structure then: (3.2) But it is difficult to get the correct data, which the correlation factor should take in order to guarantee good results. So that kth theoretical damage scenario seems to be the appro:eriate model when: 
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According to the restriction of the detection criteria, the value 0.9 and 0.1 can be changed. Using expression (3 .1) mode shapes are not required to normalize because it is normalized automatically. When all the damage scenarios do not satisfy (3.3) , it means that the damage library does not have a theoretical model corresponding with the experimental structure. The new model need to be determined and add to damage library to make the library more complete.
The simulated example
The experimental and theoretical data used on t his study come from tests performed on the I-40 Bridge over the Rio Grande in New Mexico. Figure 1 shown an elevation view of the portion of the bridge and its cross-section geometry. In the case study, a damage library is given from measured data, then theoretical data is used to detect the mathematics! model of the bridge.
Damage Description
In the damage library, there are 5 cases of measured modal data: +Un damage. -E-2: First cut was continued to the bottom of the web.
--E-3: The flange was then cut halfway in from either side directly below the cut in the web.
-E-4: The flange was cut through leaving the top 4/t of the web and the top flange.
These damages and measured mode shapes are given in table 1. Two cases of detecting appropriated models (undamaged and E-4 case) will be considered in this paper.
Finite Element modeling of the I-40 bridge
Based on the I-40 bridge data (Fig. 1) , we built the finite element model of the bridge superstructure. This model contains a total of 575 nodes, 604 elements. Four node shell elements were chosen to model the girder flange, the web of two girders, the floor beam, the stringer and the bridge decks. Two node beam elements were used to model the cross-bracing. Detailing of the bridge model at the abutment end is shown on Fig. 2 . For the damage type described above, the change of the finite element model in the damage location is shown in Fig. 3 For the convenience of comparison, we develop~d a program (in C language) to display the measured mode shape in graphics mode. Fig. 4 displays three experimental mode shapes using this program and corresponding mode shapes calculated by SAP90.
The results of correlation matrices between theoretical and experimental mode shapes according to (3.1) are given in Table 2 .
So, the undamaged model in library is compared with 5 experimental damage cases. The correlation matrices are given in 2nd column of Table 2 . We can see that the two first correlation matrices satisfy the condition (3.3) , therefore the two first experimental cases are regarded as undamaged. The rest of the cases are considered as damaged. Using the 4th damaged model in the library and comparing it with experimental damaged cases, . the results are presented in 3rd column of Table 2 . Using condition (3.3) , it is easy to find that the 5th experimental damaged case is in accordance with the 4th damaged model in library. 
Conclusion
Formula (3.1) and condition (3 .3) can be used to detect the appropriate model of the structure in the damage library based on the correlative comparison of theoretical and measured mode shapes. Also, this technique can be used to detect the damage location in the structure. When the actual damage does not correspond with one of the modeled scenarios, model updating should be based on other inspection methods (for example, visual and non-destructive methods), and that model can be added to the damage library. If there are some models in the damage library satisfying condition (3.3) , it is required to use other methods for support. 
